At large international airports, aircraft can be refuelled either by fuel trucks or using dedicated underground pipeline systems. The latter, hydrant refuelling, is considered to be an optimal fuelling method as it increases safety, shortens the aircraft turnaround time and cuts the overall costs. However, at smaller airports, implementation of this system can lead to high investment costs. Thus, the paper discusses the airport size from which this system may be efficient to implement. Various definitions of term "airport size" are assessed. Based on data collection, the hydrant system model is created within the paper. As a result, methodology for assessing the suitability of hydrant system implementation is set. This methodology can be used at every airport using three simple inputs.
INTRODUCTION
There are basically two ways how to refuel aircraft at airports with significant portion of regular international traffic. First option is usage of fuel trucks which transfer fuel from their own tank into the aircraft which is connected with the fuel truck by the hose. The other option is utilization of dedicated underground piping system which delivers fuel from fuel storage (so called fuel farm) directly to the aircraft. Special vehicle called dispenser is used to connect aircraft tank inlets with underground piping system. One hose connects dispenser and aircraft tanks, the second connects dispenser with hydrant valve. This valve is buried in the apron pavement in special fiberglass pit. Scheme of airport hydrant system is shown at Fig. 1 . BAFS means Building of Aboveground Fuel Storage, ESD stands for Emergency Shut Down. [6, 1] Img. 2. Pit hidrante [6, 1] Hydrant systems are considered as an optimal fuelling method since they provide environmentally friendly, fast and reliable refueling method with overall positive impact on safety and efficiency of everyday airport operations [5] .
DEFINITION OF AIRPORT SIZE
First of all, it is necessary to define the term airport size which is to be used within this paper from now on. Traditional figures for assessing the airport size are number of passengers handled and number of aircraft movements per year. The former is the most common variable to describe size of any airport with regular traffic however it has no direct relation to extent of fuelling operations at particular airport. On the other hand, the latter is focusing on density of operations at an airport so it is much more viable variable in terms of aircraft refueling problem. More movements means more fuelling operations and vice versa.
The term airport size often evokes the physical size of airport site. This has a little to do with fuelling operation even if distance between apron and fuel farms (or fuel truck filling station) has direct impact on operational costs of fuelling system (especially fuel trucks) and safety on airport service roads since traffic increases with the increase in distance between apron and fuel truck filling station. Another variable related to physical airport size is number of aircraft stands. It is generally believed the more stands, the bigger the airport is. This may be true but on the other hand, "smaller" airport can serve more flights a day and handle more passenger than its "bigger" competitor. Moreover, both stands number and station-apron distance directly influences hydrant system investment cost. This cost topic will be covered in one of the next sections.
On the contrary, average aircraft size, its fuel consumption and flight structure (meaning average route distance) can have direct impact on the extent of fuelling operation. The bigger the aircraft is, the more fuel it needs. The higher the consumption is, the more fuel is needed. The longer the route distance is, the more fuel must be filled into the aircraft before take-off. However, these three variables has one common denominator which is the fuel throughput at an airport. This value covers average aircraft size, its average consumption and average route distance so it is the most comprehensive variable to describe airport size in terms of fuelling operations along with number of aircraft movements.
As for the relevant sources, [8] recommends that the type of system (hydrant or fuel trucks) used should be determined in relation to the expected rate of aircraft movements at the airport. According to [2] , it depends on the amount of fuel that gets picked up at a particular airport. It is not so much the number of gates but rather the destination of the flights.
Discussion with experts [Křížek, Zoltán, Papapanos, personal communications] within the course of this research confirmed the fact that most important value in terms of decision whether or not to implement hydrant refueling system (HRS) is fuel throughput (or fuel uplift) per year. Thus, referring to airport size from now on is related to volume of fuel uplifted at particular airport per year unless stated otherwise.
CURRENT STATUS AND INITIAL RESEARCH
After defining the airport size, the next step is to examine what the current status is. That means to find out which airports (in terms of their size) uses hydrant systems.
Fuel Uplift
Thus, initial data collection took place since annual fuel throughput is not a figure which airports reports or has to report e.g. to international organizations, in their annual reports etc. Airports were addressed with short questionnaire in order to provide fuel throughput figures. Results can be found in Table 1 .
Table shows airports aligned as per fuel uplift. Traditional metrics as aircraft movements and passengers handled are included as well. Data are from 2012 except Munich, Budapest, Goteborg and London City which provided data from 2013. Variable Fuel per Departure is fuel uplift divided by half of aircraft movements (movements are sum of both take-offs and landings, but take-offs are refueled only). This value takes into account aircraft size, its consumption and route distance of flights operated from airport. The higher this value is, the longer the refueling takes.
Current status shows that hydrant systems exists at all selected airports with fuel throughput higher than 420 mil. l. On the contrary, below 144 mil. l no airport has built hydrant system. In between those values, three of nine airports from selected statistical set uses hydrant system.
Minimum Required Flow
Crucial elements in airport hydrant system design are industry standards and technology requirements. As for the former, standardized diameters of pipeline are used in the engineering industry. This ranges from 6 to 24 inches [1] . As for the latter, the system should be designed to provide extended periods of fuel flow in the 1.8 m/s range in order to provide a sweeping or cleansing action within the piping system. Otherwise, at lower velocities, condensate water may collect in the piping and promote microbial growth [6] . Knowing the minimum pipeline diameter and minimum required flow velocity, minimum annual volume can be calculated using basic laws of fluid dynamics. 
From the technological point of view, minimum volume to be circulated in the pipeline system per year is almost 690 million liters.
However, based on the survey from previous subsection, hydrant systems can be operated even if this volume is lower than the one calculated above. The fuel can be circulated inside the pipelines also during the period when the system is not used for refueling. This measure ensures cleansing action within the piping system on one hand, but increase the operational costs on the other since pumping system must be in operation during periods when HRS is not making revenues. The dependence between annual fuel throughput and operational cost will be discussed in the next section.
It may be concluded that minimum technology volume is not a break-even point from which this system could be efficient to build.
DATA COLLECTION AND MODEL OF HYDRANT SYSTEM
With respect to the previous conclusion, it is necessary to research further in order to find a volume from which it may be efficient to build up hydrant system. Further research requires collection of data associated with hydrant systems already operated at airports. Since these data are sensitive, not many airports are willing to provide datasets for research purposes. Many airports were addressed with data collection form, but only five returned complete dataset. The paper refers to these five airports as Airport A, Airport B, Airport C, Airport D and Airport E due to data sensitivity. Moreover, airports provided data in different currencies so it was necessary to convert them into one common currency. Euro was chosen and average conversion rate for year of 2013 was used.
The model is called technical and economical hydrant system model as the inputs are technical data while outputs have economic nature. These outputs will be used for cost-benefit analysis of selected airports which differs in size.
Investment Costs
Results of data collection are show in Table 2 . Beside data from Airports A to E, Table 2 includes data available from the internet sources.
No statistical method can be used to typify these type of costs. Hydrant system consists basically of three components; (1) pipelines, (2) hydrant pits and (3) pumping and control system. The costs of the first two components can be standardized and depend on either total length of pipelines m or number of pits k. Standardized prices are 370 EUR per meter of pipeline and 4344 EUR per one hydrant pit [7] . On the other hand, performance of pumping system and complexity of control system is directly proportional to size and robustness of particular hydrant system. To compare costs for pipelines and hydrant pits C mk and total investment costs C I , see Table 3 .
From the table above it can be concluded that costs of pipelines and hydrant pits represent two thirds of total costs in average, i.e. they must be raised by 50% to reach the level of total investment costs. The formula for investment costs is as follows: 
Operational Costs
Results of data collection are shown in Table 4 . These costs includes also maintenance costs. Costs differs in relation to the airport size but none of variables (aircraft movements, passengers handled, fuel uplift, fuel per departure) shows functional dependency on operational costs. Thus, it is necessary to create new variable. This variable is unit operational costs and is described as follows: Values of C u are shown in Table 5 . Unit operational costs have functional dependency on fuel uplift at particular airport. This dependency is shown at Fig. 3 . 
Benefits
In the previous subsections, costs model related to hydrant systems was set up. For the cost-benefit analysis, benefits must be modeled as well.
There are various types of benefits related to implementation of hydrant system. First off, the total time of refueling is lower. Next, apron safety increases because of utilization of smaller and lighter dispensers which do not carry any flammable fuel. Also, environmental impacts are lower due to lower emissions. All these benefits are hard to quantify financially. Thus, only benefits associated with switching from fuel trucks to dispensers will be taken into account for the purposes of this hydrant model.
In order to do that, additional data must be collected. Beside airports operating hydrant systems, non-hydrant airports and fuelling companies were addressed with data collection questionnaire as well. Dataset includes characteristics of both fuel trucks and dispensers and provides acquisition cost, operational costs (including maintenance) and lifetime of vehicle. Data was acquired from three nonhydrant airport, four hydrant airports and one big international fuelling company operating more than 1 000 vehicles. Afterwards, mean values of all characteristics were calculated as a weighted average. Results are shown in Table 6 , where: C A -average acquisition costs, l -average lifetime of vehicle, C A /l -acquisition costs per year, C O -vehicle operational costs and C y -total vehicle costs per year. What is important to emphasise is the fact that after constructing and implementing hydrant refuelling, airport will need less dispensers than fuel truck for the same extent of operation. Unlike fuel trucks, dispensers do not have to ride between truck filling station and the apron. Moreover, dispensersas a smaller vehiclescan be parked in the vicinity of stands they are serving meanwhile big fuel trucks must be parked in remote areas due to their size. These two factors significantly influence fuel trucks' ridden distances which decreases their usable period of operation. According to discussion with experts, depending on the physical airport size, this can represent half to three quarters of total fuel truck operational period. With respect to that, number of dispensers needed at an airport after implementing the hydrant refuelling will be as much as 80% of the total number of fuel trucks operated at an airport before construction of hydrant systems. E.g., if there are ten fuel trucks serving the airport at the moment, eight dispensers will be needed after hydrant system construction. However, implementation of hydrant refuelling does not mean that airport can get rid of all fuel trucks. Few of them still must be present if there is a need for aircraft defuelling or during the maintenance or failure of part of hydrant system. Thus, two more fuel trucks will be added to sufficient amount of dispensers for the model purposes. At Airport B, Airport C, Airport D and Airport E there are two back-up trucks as well.
As it can be seen from (10) where: B -annual benefits of hydrant system implementation [EUR], n -number of fuel trucks before system implementation, 0,8n -number of dispensers after system implementation (round number).
Another benefits from hydrant system operation which can be expressed financially are revenues from fee for access to fuelling infrastructure. This fee may not be collected directly by an airport operator; airlines (final customers) usually pay to a fuelling company (system users) which pay to hydrant operator (airport operator or dedicated company either dependent or independent on airport operator). Business relations can be even more complicated. Fee level for both trucks and hydrant fuelling (1 cent = 0.01 EUR), fuel throughput and particular revenues at selected airports are shown in Table 7 . Fee ranges from 0.31 to 1.81 cents per liter of aviation fuel.
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Methodology
Finally, the methodology for assessing if building of hydrant system could be efficient or not is set:
Step 
CONCLUSION
Hydrant system model presented in this paper can be used at any airport where the fuel is delivered by fuel trucks only. First off, the airport needs to propose pipeline system tracing. This will provide total length of pipelines as the first input for the model. Next, airport has to consider how many hydrant pits are to be built at each stand which is to be covered by hydrant system. Number of pits is the second model input. The final input is annual fuel throughput. This variable is known by every airport operator. Finally, airport (or investor) has to choose the discount rate for the purposes of costbenefit analysis. Results of cost-benefit analysis is crucial as it justifies the implementation of hydrant system. However, even if the result are negative, airport can still decide to build this system if it brings advantages which are difficult to be expressed numerically. This may include significant increase in apron safety, lowering the environmental footprint or shortening the aircraft turnaround time.
The bottom line is ownership of the airport. Airports are often owned by private stakeholders who invests their capital and expect the return on their investment. With respect to this, positive output from proposed methodology can justified this kind of investment from the point of view of private stakeholders.
